It is not clear whether unicompartmental knee arthroplasty (UKA) or total knee arthroplasty (TKA) leads to better outcomes in the treatment of unicompartmental knee osteoarthritis. The purpose of our meta-analysis was to compare the clinical outcomes of UKA and TKA in the treatment of unicompartmental knee osteoarthritis.
INTRODUCTION
O steoarthritis is common in elderly individuals, and about one-third of patients with osteoarthritis have pathology in only one compartment of the knee joint, usually the medial compartment. 1 Surgical options to treat unicompartmental knee osteoarthritis include unicompartmental knee arthroplasty (UKA), total knee arthroplasty (TKA), and high tibial osteotomy (HTO). HTO has been primarily used to treat young obese patients, especially those who have occupations that require heavy lifting and strenuous activity. However, the outcomes of HTO have been shown to deteriorate over time. 2, 3 In recent years, UKA and TKA have become the more commonly performed procedures. Many studies have shown that UKA provides good or excellent outcomes. 4--7 However, some studies have shown outcomes to be less than adequate. 8, 9 Thus, there has been no consensus as to which is better for treatment of unicompartmental knee osteoarthritis. To compare the clinical outcomes of UKA and TKA in the treatment of unicompartmental knee osteoarthritis, we searched available medical databases for published trials, which compared UKA with TKA in the treatment of unicompartmental knee osteoarthritis and performed a meta-analysis to assess the efficacy of UKA compared with TKA.
MATERIALS AND METHODS
The electronic databases, PubMed, Ovid, Cochrane Library, EMBASE, Elsevier, Proquest, Springer, CBM, and CHKD were searched dating from their inception to August 2009 by two of the authors. Comparative trials were searched for using the following search terms: ''unicompartmental OR unicondylar knee arthroplasty OR replacement OR UKA OR UKR'' AND ''total OR tricompartmental knee arthroplasty OR replacement OR TKA OR TKR'' AND ''osteoarthritis.'' In addition, the Google search engine was searched with the same search terms. The bibliographies of all literature retrieved were manually searched for further relevant studies that may have been missed in the database search.
Randomized controlled trials or well-designed quasirandomized trials were included in the meta-analysis. The criteria for inclusion were (1) patients undergoing surgery for unicompartmental knee osteoarthritis, (2) comparison between UKA and TKA, (3) randomized controlled trials or welldesigned quasi-randomized trials and (4) outcome data including pertinent information, i.e., revisions, complications, postoperative range of motion and postoperative knee score.
Two authors extracted relevant information from each eligible study. The information included demographic data, details of the procedures (UKA and TKA), duration of followup, revisions, postoperative range of motion, postoperative knee score, and complications. Complications extracted were operation-related, such as deep venous thrombosis, manipulation under anesthesia for failure to regain flexion at a satisfactory rate, prosthesis infection, aseptic loosening, hemarthrosis, fractures related to surgery, and delayed healing of the wound. Patients who underwent revision were excluded from this group to avoid duplication. Because of the variability in the reporting style of complications, we did not include those with minor transient complications and unrelated complications, such as pressure scores, hematomas, and so on. All data were extracted by two reviewers independently to ensure accuracy. If there was any disagreement, a consensus was reached through discussion by the review team.
To perform the meta-analysis, data from each study were pooled together to analyze using RevMan software version 5.0 for Windows (The Cochrane Collaboration, Oxford, England). Dichotomous data (e.g., revision, complications) were entered as number of events. Continuous data (e.g., range of motion, knee score) were entered as means and standard deviations (SD). We attempted to contact the author to get more information when it was not available in his or her article. Before pooling data, statistical heterogeneity for each study was assessed. The terminology of statistical heterogeneity was assessed by a P value. If a P value was < 0.05, it was considered that there was statistical heterogeneity. Since there might be underlying differences in patient populations, study design and data collection led to heterogeneity between studies; thus, we did sensitivity analysis and considered the clinical reasons for potential heterogeneity. If there was no clinical heterogeneity, data included was meta-analyzed using a random effects model. Otherwise, it was considered that there was no statistical heterogeneity, and a fixed effects model was preferred for the analysis. We chose to compare the event rates using risk ratio (RR) and 95% confidence interval (CI) for dichotomous outcomes. The statistical technique used was the Mantel-Haenszel method. Weighted mean difference (WMD) and 95% CI were used to compare continuous data. 10 
RESULTS
We identified 890 studies in our search. Details of the study selection process are shown in Figure 1 . Eight hundred and eighty-two articles were excluded after reviewing the titles, abstract, and contents. After this review, seven eligible studies, were included in the meta-analysis. The studies were conducted in four countries, three in America, two in England, one in Italy and one in Singapore. In these seven studies, 700 knees had surgery (349 knees in UKA group and 351 in the TKA group). In addition, two articles reported results of the same sample at 5 and 15 years postoperatively. We chose the latter one to analyze, and the other was used for additional information and analyzed in subgroup analysis. The details of the eligible studies are described in Table 1 . All papers were published in English. Follow-up ranged from 0.5--15 years.
Prosthesis survival was related to time. Trials were subdivided into two groups: studies with follow-up of 5 years or less (interval of follow-up in studies was 0--5 years) and those with follow-up longer than 5 years (interval of follow-up in studies was 5--15 years). Newman et al. 11, 12 reported their results at 5 and 15 years postoperatively. Data in 1998 and 2009 were placed into subgroups according to the follow-up. As depicted in Figure 2 , there was no evidence of statistical heterogeneity between studies. Using the fixed effects model, there were more revisions in the UKA group than in the TKA group in the subgroup with follow-up of 5
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19 studies were excluded because they did not meet inclusion criteria years or less (RR¼ 3.47; 95% CI: 1.23-9.77; P ¼ 0.02). The incidences of revisions were 15 of 303 knees (4.95%) and four of 305 knees (1.31%) in the UKA group and the TKA group, respectively. However, the difference was not significant in the subgroup of more than 5 years of follow-up (RR ¼ 0.87; 95% CI: 0.29-2.60; P ¼ 0.81). Five of 73 UKA (6.84%) and six of 75 TKA (8%) were revised at more than 5 years after surgery. Of all seven eligible studies in the meta-analysis, two did not mention postoperative complications. Complications reported by five trials were pooled together for meta-analysis ( Figure 3 ). This group involved 272 UKA and 274 TKA. Four of 272 knees (1.47%) and 24 of 274 knees (8.76%) had complications in the UKA group and the TKA group, respectively. The fixed effects model was used because no statistical heterogeneity was found between studies. The meta-analysis showed that TKA appeared to have higher a complication rate than UKA (RR ¼ 0.20; 95% CI: 0.08-0.52;
Four trials reported Knee Society Scores (KSS) and functional scores, but only two reported pain scores. The data of the former two parameters were pooled to analyze. Because of little heterogeneity between studies, the random effects model was used for comparison of KSS ( Figure 4 ). There was no significant difference between UKA and TKA (WMD ¼ 0.16; 95% CI: À 2.12-2.45; P ¼ 0.89). Since there was no heterogeneity between studies in comparison of the functional scores, we performed the meta-analysis with the fixed effect model ( Figure 5 ). The results showed that postoperative functional scores of UKA were higher than those of TKA (WMD ¼ 1.96; 95% CI: 0.15-3.78; P ¼ 0.03).
Mean postoperative range of motion and SD were reported in five studies. As significant statistical heterogeneity was found (I 2 ¼ 70%; P ¼ 0.01), sensitivity analysis was conducted to assess the potential reasons for statistical heterogeneity. However, no clinical heterogeneity was found. The meta-analysis was performed with the random effects model ( Figure 6 ). Postoperative range of motion was found to be 6.431 higher in the UKA group (WMD ¼ 6.431; 95% CI: 3.46-9.40; P < 0.001). In addition, two trials reported results of postoperative range of motion but did not provide details for a meta-analysis. One reported that all UKA patients had a range of motion more than 1201, while the proportion in TKA was 79.5%. 16 The other study reported that the postoperative range of motion of UKA was better than TKA Allocation: NR  TKA23  TKA68  TKA48  TKA4 TKA: NR Blinding: NR Levels of evidence: II CR, cruciate retaining; NR, not reported; PFC, press-fit condylar; TKA, total knee arthroplasty; UKA, unicampartmental knee arthroplasty.
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DISCUSSION
In early reports, UKA did not provide as good or predictable outcomes as TKA. 19, 20 However, improvements in implants and surgical technique have led to markedly improved results with UKA. 5, 7 Riddle et al. 21 reported that UKA has increased rapidly in the United States. The incidence of UKA increased from 6570 implants in 1998 to 44,990 in 2005, and the average rate of UKA increase was 32.5% compared with 9.4% for TKA. 21 UKA merely replaces the pathological compartment and can maintain bone. It has the characteristics of rapid recovery, early rehabilitation, and good postoperative function. Many studies have reported that the percentage of good or excellent outcomes of UKA was larger than that of TKA. Skowronski et al. 22 used Hospital for FIGURE 2. Forest plot of comparison for revision in unicompartmental knee arthroplasty (UKA) and total knee arthroplasty (TKA). Subgroups are defined by the duration of the follow-up (FU; more than 5 years or less than 5 years). Each trial is represented by a square and a horizontal line. The square represents the corresponding risk ratio, and its size is proportional to the trial's weight in the meta-analysis. The horizontal line represents the corresponding 95% CI. The central vertical line is the line of no effect. When the CI intersects the line of no effect, the results are not significant. Diamonds represent the metaanalysis estimate of corresponding group, and diamonds opposite to summary represents the overall meta-analysis estimates. In the figure, the diamond of the subgroup > 5 years intersecting the central vertical line represent no differences between UKA and TKA, and the other diamond in the right of the central vertical line represents more revisions in UKA than TKA. Special Surgery (HSS) data to assess UKA after 10 years, and 80% of outcomes were good or excellent. Laurencin et al. 13 and Dalury et al. 18 compared UKA with TKA in the same patient; UKA in one knee and TKA in the other. In Laurencin et al.'s 13 trial, 31% stated that UKA was better, while 15% chose TKA as their better knee. In Dalury et al.'s 18 study, 12 of 23 patients preferred UKA to TKA, and no one chose TKA.
The most common treatment for failed UKA is a revision to TKA. In our meta-analysis, there were more revisions for UKA than for TKA within 5 years after surgery. Using revision to TKA as an endpoint, UKA demonstrated higher short-term failure rates (5 years or less) than TKA. But the long-term survivorship (more than 5 years) of UKA was similar to that of TKA. The reasons for revisions of UKA in groups followed for 5 years or less are as follows: in Lombardi et al.'s 17 study, two of 115 knees were revised for tibial collapse, two for tibial loosening, one for sepsis, and two for pain. In Amin et al.'s 15 study, one of 54 knees was revised for infection, four for pain, and one for recurrent dislocation of the mobile meniscal implant. The reasons for revision in groups followed for more than 5 years were as follows: in Newman et al.'s 11 trial, two of 50 knees were revised for progression of osteoarthritis and one for recurrent hemarthroses. In Laurencin et al.'s 13 study, one of 23 knees was revised for wear. At present, the 10-year survival rate of TKA prostheses is 80--98%. 9, 23, 24 With proper patient selection, well-designed components, and meticu-lous surgical technique, survivorship of the Miller-Galante (Zimmer, Warsaw, IN) unicompartmental knee prosthesis appears to be 92--98% at 10 years or more. 5, 25 Using revision to TKA as an endpoint, the 10-year survival rate of an Oxfords (Biomet, Warsaw, IN) unicompartmental knee prosthesis is 86--97%. 15, 26, 27 compared with 87% for a St. Georg (Waldemar Link, Hamburg, Germany) sledge medial compartment knee replacement. 28 The meta-analysis showed a significant difference in overall rates of complications between UKA and TKA. UKA appeared to have fewer complications than TKA. However, this result does not reflect any specific complication. The likelihood of deep venous thrombosis (DVT) appeared more often in TKA than UKA. Newman et al. 11 29 also reported that there were no symptomatic DVTs or pulmonary embolism in 423 patients undergoing UKA. This may be related to the small injury and quick recovery in UKA.
The goal of knee arthroplasty is to improve knee function and provide pain relief. In this analysis, we found that UKA provided better postoperative range of motion than TKA. Newman et al. 11 reported that pain relief after UKA was better than that of TKA. The percentage of excellent or good pain relief in the UKA group was 95.6% compared with 93.5% in the TKA group. Laurencin et al. 13 found that FIGURE 4 . Forest plot of mean difference for Knee Society Score in unicompartmental knee arthroplasty (UKA) and total knee arthroplasty (TKA). The square represents the mean difference in means, and its size is proportional to the trial's weight in the meta-analysis. The horizontal line represents the corresponding 95% CI. The central vertical line is the line of no effect. When the CI intersects the line of no effect, the results are not significant. Diamonds represent the meta-analysis estimate of corresponding group, and diamonds opposite to summary represent the overall meta-analysis estimates. The Knee Society Score could be calculated in four trials. The diamond intersecting the central vertical line represents no difference between UKA and TKA. FIGURE 5. Forest plot of mean difference for knee functional score in unicompartmental knee arthroplasty (UKA) and total knee arthroplasty (TKA). As depicted, the diamond in the right of the central vertical line represents higher postoperative functional scores in the UKA group than in the TKA group.
96% of patients undergoing UKA reported either no pain or slight discomfort. Our meta-analysis did not show a statistically significant difference in postoperative KSS, but UKA provided higher function scores. This may provide more evidence for good functional outcomes of UKA.
There are some limitations in this study that deserve discussion. First, the quality of studies for the meta-analysis was not very high. As is well known, the ideal evidence for systematic review is a randomized controlled trial, which is most commonly used in testing the efficacy of surgery. The method of randomized controlled trials should include randomization procedures, double-blind or triple-blind, allocation concealment, intention to treat, and so on. However, it was difficult to perform surgery double-blind or triple-blind and obtain a long-term follow-up; thus, there were not many randomized controlled trials available comparing UKA and TKA in the treatment of unicompartmental knee osteoarthritis. Most trials included were observational studies and this might result in bias between groups because of opportunity for selection, although they were matched for age, gender, body mass index (BMI), primary osteoarthritis, preoperative range of movement, and score. Second, Egger's test and funnel plots are sometimes used to check the existence of publication bias in meta-analyses. But it was not very accurate to assess publication bias with funnel plots or Egger's test when there weren't many trials. 30 Therefore, Egger's tests or funnel plots were not performed in our review. In fact, observational trials usually have more publication bias than randomized controlled trials. Third, parameters that can be used to compare UKA with TKA also include factors such as cost, rehabilitation, ability of kneeling or walking, and reception. However, these factors could not be analyzed because of different standards in these trials. Therefore, our results of the comparison between UKA and TKA in the treatment of unicompartmental osteoarthritis should be used with caution.
In conclusion, the published evidence suggests that UKA could provide better postoperative function and fewer complications than TKA. The long-term survivorship (more than 5 years, follow-up 5--15 years) of UKA was similar to that of TKA, although short-term failure rate was a little higher (5 years or less, follow-up 0--5 years). Further research and improved methods are necessary to better assess UKA and TKA in the treatment of unicompartmental knee osteoarthritis.
